ABSTRACT
INTRODUCTION
A steam turbine is a device that extracts thermal energy from pressurized steam and uses it to do mechanical work on a rotating output shaft, which is further used to generate electricity. The steam turbine is a form of heat engine that derives much of its improvement in thermodynamic efficiency from the use of multiple stages in the expansion of the steam, which results in a closer approach to the ideal reversible expansion process. Steam turbines are heart of power plant as they are the devices which transform thermal energy in fluid to mechanical energy. Non-linear simplex direct search method has been used to improve the performance of gas turbine cogeneration systems [1] . Detailed thermodynamic, kinetic, geometric, and cost models have been developed, implemented, and validated for the synthesis/design and operational analysis of hybrid SOFC-gas turbine-steam turbine systems [2] . Several thermodynamic relations have been developed to illustrate the relationship between the energy and exergy losses and capital cost for thermal systems in a modern coal fired electrical generation station [3, 4, 5, 6, 7, 8, 9] . Simulation and a thermoeconomic analysis of several configurations of gas turbine (GT)-based dual-purpose power and desalination plants (DPPDP) has been done in detail [10] . Exergoeconomics has been used as a design tool for the realization of a gas turbine power plant principle [11] . The strategy for optimizing the thermal system using the exergetic cost theory and symbolic exergoeconomics has been explained in detail by many researchers [12, 13] .
METHODOLOGY
The methodology adopted for the current study is explained with the help of the flowchart given in Fig. 1 . 
Exergoeconomic Analysis
Average costs per exergy unit of fuel and product for a turbine are given as . , , .
,
Turbine System . , , .
The exergetic efficiency of a turbine system is given as
The optimization process for the turbine involves the assumption that the exergy flow rate from the turbine is constant.
The exergy costing equation for the turbine system is established as per Fig. ( 2) c 1
From the above equation the unit product cost of turbine system is evaluated as
In the current study all the variables are taken as constant and the effect of inlet steam temperature coming from the boiler on the unit product cost of the turbine system and exergetic efficiency of the turbine system are analyzed.
ILLUSTRATIVE EXAMPLE
The above said methodology is explained with the help of an example in which a 210 MW power plant is considered. The schematic layout of the turbine system is shown in Fig. 1 . For the turbine system under consideration, the values for various unit exergy costs are calculated as per Fig. 2 and are given in Table 1 . The unit exergetic costs of streams entering the feed water heaters and condenser is taken to be same as the input cost of fuel [14] .
RESULTS AND DISCUSSION
The first step in the thermoeconomic process is to study and analyze the effect of inlet steam temperature on the exergetic efficiency of the turbine system. This is shown in Fig. 4 . Exergetic efficiency is seen to increase with an increase in the inlet steam temperature as at higher steam inlet pressure energy available to run the turbine will be high, which in turn will reduce the steam consumption in the turbine.
The second step is to study and analyze the variation of unit product cost of boiler with changes in the inlet steam temperature. This is shown in Fig. 5 . The unit product cost of boiler is found to increase with the increase in the inlet steam temperature as providing steam at higher temperatures would require more capital investment.
The final step in the thermoeconomic process is to study and analyze the variation of unit product cost of turbine system with inlet steam temperature. It is seen that with an increase in the inlet steam temperature the unit product cost of turbine system reduces as less quantity of steam is to be handled, hence the operation and maintenance costs are reduced significantly. This brings the reduction in the overall unit product cost of the turbine system. This is shown in Fig. 6 . If we combine the results shown in Fig. 5 and Fig. 6 , we find that whereas the unit product cost of the turbine system decreases with an increase in the inlet steam temperature, the unit product cost of boiler increases. Hence to arrive at the optimal value of inlet steam temperature, we combine the results of Fig. 4 and Fig. 5 , to arrive at the optimal state. These results are shown in Fig. 7 . From Fig. 7 it can be seen that the optimal state occurs at 540 0 C at which the unit product cost of the turbine system is 1.1437 Rs/ MJ and the unit product cost of the boiler is 0.80971 Rs/ MJ. If further reduction in unit product cost of the turbine system is to be achieved more money would have to be spent on providing inlet steam at higher temperatures. Hence, the overall unit product cost of the power generation system would increase.
The following relations have been derived from the current study, which put forward the exergetic efficiency of the turbine system, unit product cost of turbine system and unit product cost of the boiler as a function of inlet steam temperature. 
CONCLUSIONS
This study puts forward a novel approach to analyze the performance of a turbine system with respect to inlet steam temperature. Inlet steam temperature has a significant effect on the performance of the turbine system, as has been shown by this study. Thermoeconomic parameters such as unit exergetic cost of turbine system and boiler have been analyzed. These provide a basis for arriving at the optimal value of inlet steam temperature.
Further exponential relations have been developed which prove very useful in calculating the values of the costs and exergetic efficiency for the turbine system. This study provides an excellent basis for analyzing the performance of a turbine system. Unit product cost of turbine system Unit product cost of boiler
